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Description

Over the last decade. a number of groups have begun producing decadal-time-scale,  near-global, ocean state estimates (OSE). Their primary purpose is the understanding of the ocean climate and its temporal variability. (This goal contrasts with the meteorological practice, which is focussed on weather forecasting.) Such efforts put demanding requirements on the observing system. As a bridge between the modeling and observation communities, the OSE groups necessarily assess the skill and shortcomings in both data sets and in models. From the experience so far, a preliminary list of conclusions has been drawn up that includes the following issues:

1. --- Coverage and sampling:

The existing system, which includes satellite altimetry, Argo profiles, wind stress measurements, sea surface temperature, and a few other components such as surface drifters, and regional sampling activities (e.g., the Florida Current) provides a useful but marginal system in terms of sampling of the sub-surface ocean. If sustained for the coming decades, experience suggests that it would provide a useful, if still uncertain, estimate of  the current climate state. Comparisons to earlier intervals, such as before the Argo period (2004) or before the high-precision satellite altimetric record (1992), show that the present-day observation system is essential. Prior to  1992, any oceanic state estimate will be almost indeterminate. It is a community obligation to prevent the present system from reverting to the extremely poor coverage available before altimetry and profiling floats.

2. --- Full-depth observations:

Even with the present-Argo coverage, the oceanic observing system has a serious shortcoming in the near-complete absence of deep measurements (below 2000m - the level of the existing Argo float technology).  The need to observe the ocean over the full water column is compelling, and at least some Argo floats must go to full-depth (possibly complemented by other measurement types such as acoustic tomography, moorings, and CTD sections). The mixture of full and partial water column coverage needs to be assessed. Under-sea-ice measurements also need to be developed.

3. --- Errors and uncertainties:

(*) All estimation methods rely directly on estimates of the errors in the data. In many cases, these are very poorly known and a considerable effort will be required to remedy the situation. Examples are:

  - XBT fall rate algorithm problems and consequences for heat content estimates

  - Argo software problems and consequences for 2003- onward heat content estimates

  - remaining uncertainties in altimetric measurements

    (e.g., biases between different altimeters; geocenter motion, ...)

(*) Careful assessment of instrument and representation errors when interpreting observations in the context of models, for example, the role of eddy "noise" in the interpretation of in-situ data, in particular of CTD sections. This applies to both conceptual models as well as general circulation models.

4. --- Atmospheric forcing from "Re-analyses"

Accuracies of present re-analysis products (NCEP/NCAR and ECMWF/ERA-40), considered here as proxies of global surface flux observations, remain very poorly known. The existing reanalyses show major global imbalances in basic climate parameters (heat and freshwater fluxes) and these imbalances are a major obstacle to oceanic state estimation. Atmospheric re-analysis projects need to address climate-scale dynamic consistency, either separately or through coupled atmosphere/ocean/sea-ice estimation efforts.

5. --- Regional process and monitoring studies:

The complementary role of regional studies (e.g. RAPID, DIMES, CLIMODE) to provide detailed process studies.

6. --- What else is missing:

Which oceanographic quantities remain poorly known, what is needed to get them, and on what time scales can we expect to measure relevant signals with sufficient confidence?

